Staphylokinase, an extracellular protein produced by certain strains of staphylococci, will activate plasminogen, present in blood, to plasmin, a proteolytic and fibrinolytic enzyme active at neutral pH (Gerheim, Ferguson, Travis, Johnston & Boyles, 1948; Lack, 1948) . The production of staphylokinase has been described by Lewis & Ferguson (1951) and by Davidson (1960) . The purification by ethanol precipitation, followed by analysis of the amino acid content, has been reported by Soru, Stemnberg & Istrati (1959) . Some of the physical properties of staphylokinase were investigated by Soru, Davidescu & Tanasescu (1960) .
Here is described a simple procedure for the purification of staphylokinase.
MATERIALS AND METHODS Buffers. Palitzsch's (1915) borate buffer, pH 74.
McIlvaine's citric acid-phosphate buffers: a range from pH 3.3 to pH 8-0 was prepared by mixing 0-IM-citric acid and 0 2M-disodium hydrogen phosphate in appropriate proportions. Phosphate buffers: sodium phosphate buffers, pH 6, and 15 mm, 45 mm and 0*25m were used.
Washed filter papers. Whatman no. 1 filter papers (5-5 cm. diameter) were washed with 10% (v/v) perchloric acid, followed by water and drying. A8say of staphylokinase. The fibrin-plate method of Astrup & Mullertz (1952) was used as a screening test. Samples found active by this method were then assayed by the casein method (Davidson, 1960) , which was slightly modified in that centrifuging of the undigested acid-precipitated casein was replaced by the more rapid filtration on washed filter paper. One unit of staphylokinase activity was defined as the amount of material that gave rise, under the conditions used, to an increase in E at 280 m,u of 0 300. Plasminogen used in the casein assay was concentrated from Cohn's plasma Fraction III (Cohn et al. 1950 ) by the method of Kline (1953) .
Protein estimation. Protein was estimated by the method of Lowry, Rosebrough, Farr & Randall (1951) , with reconstituted freeze-dried serum (Glaxo Laboratories Ltd., Greenford) of known protein content as the standard.
Tests for specific components. Staphylokinase samples were tested for the presence of coagulase (Fisk, 1940) , leucocidin (Gladstone & Van Heyningen, 1957) , hyaluronidase (McClean, Rogers & Williams, 1943) Davidson (1960) was followed.
Chromatography. Chromatography was carried out with the procedure developed by Peterson & Sober (1956) , carboxymethylcellulose (CM-cellulose) being used. CMcellulose was manufactured by Bio-Rad Laboratories, Richmond, Calif., U.S.A., and bought from V. A. Howe and Co., London.
Chromatography on CM-cellulose columns. Three procedures were used. (a) Gradient elution. A dialysed freezedried sample (80 mg.) of culture supernatant fluid first heated to 750 for 30 min. was dissolved in citric acidphosphate buffer pH 4 (10 ml.). This solution was applied to a CM-cellulose column (2 g.; 11 cm. x 15 cm.) equilibrated with the same buffer solution. When the column had been washed with the pH 4 buffer, a gradient was set up of pH 4-8, the same buffer system being used for elution of the column. The gradient was obtained from a magnetically stirred mixing chamber (750 ml. conical flask) containing the pH 4 buffer (150 ml.), into which the limiting pH 8 buffer was dripped from a separating funnel, giving an exponential pH increase. The mixed buffer was drawn into the column by means of a siphoning arrangement. The effluent fractions (5 or 10 ml.) were collected in a fraction collector at 40 and examined for pH, E (measured in 1 cm. cells at 280 m,u) and fibrinolysis (by the fibrin-plate method). Successive fractions were pooled to give three main fractions, A, B and C, which were assayed for staphylokinase by the casein method.
The results obtained are shown in Fig. 1 In no instance could leucocidin, coagulase or hyaluronidase be demonstrated in active fractions purified by methods (b) or (c) above, but in some cases haemolysins were shown to be present in staphylokinase prepared by method (b) and not by method (c). On immunodiffusion, staphylokinase purified by methods (b) and (c) showed the presence of four and two antigens respectively.
Those fractions containing the greatest staphylokinase activities were dialysed for 48 hr. against running tap water and 24 hr. against distilled water, both at 4°. Portions were then placed in ampoules and freeze-dried. Loss of activity varied between 0 and 20%. Method adopted for concentration and purification of staphylokinase from broth culture Preliminary experiments had shown that the supernatant fluid could be heated at 750 for up to 1 hr. without loss of activity, and that when it was adjusted to pH 3-3 a considerable proportion of inert proteins could be precipitated without removing the kinase (Table 3) .
The broth culture containing staphylokinase, from which most of the organisms had been removed by centrifuging, was therefore further sterilized by heating at 750 for 30 min. Purification and concentration of staphylokinase was then carried out in three steps.
Precipitation of inert proteins at pH 3-3. The heated supernatant fluid was adjusted to pH 3-3 with concentrated HlI and the precipitate, containing mostly inert proteins, was removed by centrifuging (Davidson, 1960) .
Ammonium sulphate precipitation of active material. The supernatant fluid was brought to 75% saturation with solid (NH4)2SO4 and allowed to stand at 40 overnight. The precipitate was separated by centifuging and washed with a saturated (NH4)2S04 solution. It was then suspended in a suitable volume of water and dialysed for 3 days against running tap water and 1 day against distilled water at 4°.
Chromatography on a CM-cellulose column. The dialysed staphylokinase suspension was dissolved at pH 4 by the addition of an equal volume of double-strength citratephosphate buffer. The 0-4M-Na0HPO4 buffer component was first added to aid solution at alkaline pH, followed by the 0-2M-citric acid component. The pH was checked and adjusted to 4 if necessary. Any precipitate (containing about 5% of the activity) was removed by centrifuging and the supernatant fluid applied to the CM-cellulose column. (The volume of the supernatant fluid was about one-tenth of the culture-broth volume from which it was derived.)
A CM-cellulose column was prepared containing 4 g. of material, which gave a column dimension of approx. 2-3 cm. x 7 cm. The column was equilibrated with citric PURIFICATION OF STAPHYLOKINASE acid-phosphate buffer, pH 4, and the staphylokinase solution in pH 4 buffer (up to 800 ml.) was applied. A fast flow rate could be used, approx. 5 ml./min. Under these conditions all staphylokinase activity was adsorbed on to the column, the highly pigmented effluent containing about 50 % or more of the protein content of the applied staphylokinase solution. The column was washed with pH 4 buffer until the effluent was free of protein, as indicated by measurement of E at 280 my. Two methods of eluting staphylokinase were found practical.
(1) Elution was carried out at pH 7 with the same buffer system, when staphylokinase moved as a band with the solvent front. By this step, staphylokinase could be purified four-to 18-fold with respect to protein. Most of the pigment had also been removed. Recovery of staphylokinase from the column approached 100% (Table 1) .
(2) The adsorbed material was washed with the citric acid-phosphate buffer, pH 4, diluted 1:9, followed by successive elution with sodium phosphate buffers, pH 6, and increasing ionic strength, i.e. 15 mm, 45 mm and 0-25m. By this means a 44-fold purification of staphylokinase could be obtained. Recovery of activity from the column varied between 50 and 100% ( Table 2) .
The effluent fractions containing purified staphylokinase were dialysed against distilled water and freeze-dried in ampoules.
DISCUSSION
With the exception of the publications of Soru et al. (1959 Soru et al. ( , 1960 , previous reports on staphylokinase have dealt with very impure material. Gerheim et al. (1948) used the ethanol precipitate of a culture supernatant fluid grown under conditions for staphylocoagulase production. Lewis & Ferguson (1951) precipitated the staphylokinase activity with 2 vol. of 95 % ethanol at 5°from the culture supernatant fluid of a fermentation carefully selected to produce the maximum yield of staphylokinase. Davidson (1960) selected good culture conditions for staphylokinase production, removed some inert protein by precipitation at pH 3-3 and dialysed the supernatant fluid, precipitating staphylokinase at pH 4-2. Soru et al. (1959) claim to have produced homogeneous staphylokinase by precipitating the activity from culture medium by 60% saturation with ammonium sulphate followed by repeated precipitation of the dialysed preparation by -25 % (v/v) ethanol at pH 5-5 and 4°. Their criteria of purity were electrophoresis, chromatography on Amberlite IRG and immunodiffusion.
Although no claim is made that the staphylokinase obtained from the CM-cellulose column as described in this paper is homogeneous, it has been purified up to 44-fold with respect to protein as compared with the dialysed culture supernatant fluid, the pigment having been removed in the process.
It is hoped that this method will provide staphylokinase of sufficient purity to enable kinetic, biological and other studies to be made. 2. The concentrate, dissolved in citric acidphosphate buffer, pH 4, was purified by quantitative adsorption on a carboxymethylcellulose column, followed by elution with either (i) the same buffer system at pH 7, giving about tenfold purification, or (ii) phosphate buffers, pH 6, of increasing ionic strength, which was more timeconsuming but gave about 44-fold purification with respect to protein content.
3. The purified fractions appeared to be free from leucocidin, coagulase and hyaluronidase and, when the second method of elution was employed, from haemolysins. The kinase preparations were, however, not homogeneous, as demonstrated by immunodiffusion.
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